Substrate specificity of rabbit aldehyde oxidase for nitroguanidine and nitromethylene neonicotinoid insecticides.
The nitroguanidine or nitromethylene moiety of the newest major class of insecticides, the neonicotinoids, is important for potency at insect nicotinic receptors and selectivity relative to mammalian receptors. Aldehyde oxidase (AOX) was recently identified as the imidacloprid nitroreductase of mammalian liver, producing both nitrosoguanidine and aminoguanidine metabolites. The present study considers the ability of AOX, partially purified from rabbit liver, to reduce five commercial nitroguanidine (i.e., imidacloprid, thiamethoxam, clothianidin, and dinotefuran) and nitromethylene (i.e., nitenpyram) neonicotinoid insecticides and three derivatives thereof (i.e., the N-methyl and nitromethylene analogues of imidacloprid and desmethylthiamethoxam). LC/MS/MS was used to demonstrate that AOX reduces nitroguanidines to both nitroso- and aminoguanidines, while nitromethylenes are reduced only to the corresponding nitroso metabolites. Additionally, nitrosonitenpyram was found to spontaneously dehydrate to form a 2-cyanoamidine metabolite, mimicking a predominant photoreaction. The substrate specificity of AOX was characterized as follows: Neonicotinoids with a tertiary nitrogen (N-methylimidacloprid and thiamethoxam) are poor substrates; nitroguanidines are metabolized faster than nitromethylenes; and clothianidin is the most rapidly reduced. Kinetic constants were measured for reduction of three nitroguanidines at two concentrations of AOX. At 2 mg protein/mL, only nitroso metabolites were detected, with Km values of 1.03, 2.99, and 2.41 mM and Vmax values of 5.13, 2.54, and 0.98 nmol/min/mg protein measured for clothianidin, imidacloprid, and dinotefuran, respectively. At 5 mg protein/mL, both amino and nitroso metabolites were detected. However, with each nitroguanidine, the formation of nitroso metabolites did not saturate at substrate levels up to 4 mM, whereas amino metabolite formation exhibited Km values of 0.052, 0.16, and 0.084 mM with corresponding Vmax values of 0.80, 1.24, and 0.79 nmol/min/mg protein for clothianidin, imidacloprid, and dinotefuran, respectively. These in vitro observations show large structural differences in the rates of AOX-catalyzed reduction and help to interpret the extensive studies on in vivo metabolism of neonicotinoid insecticides.